Introduction
============

Celiac disease (CD) is defined as a gluten-sensitive immune reaction to ingestion of gluten, a protein found in wheat, barley and rye ([@B1]). This reaction damages the intestinal mucosal layer and leads to inflammation, which may result in a spectrum of gastrointestinal symptoms, such as diarrhea, fatigue, weight loss, and bloating ([@B2]). In addition, it can cause nutritional abnormalities and systemic complications ranging from anemia and osteoporosis to secondary autoimmunity and malignancy ([@B3]). The global prevalence of biopsy-confirmed CD has been 0.7% (4), which is 0.4% for the United States ([@B5]), 0.8% for Europe and Oceania, and 0.6% for Asia ([@B4], [@B6]). Different studies in Iran have shown that the prevalence of CD is about 1% ([@B7]). Note that the prevalence of CD at an early age is higher than that for adults, and is also higher in women than in men ([@B4]).

CD arises in genetically susceptible individuals with HLA-DQ2 or HLA-DQ8 alleles and is characterized by a T-cell-driven inflammation in the proximal small bowel triggered by gluten ingestion ([@B8]). Gluten is delivered to TCD4+ cell and activates them causing the secretion of different pro-inflammatory and inflammatory cytokines such as interferon (IFN)-γ, interleukin IL-1, IL-6, IL-8, IL-15, IL-18, IL17, and IL-21 genes ([@B9], [@B10]). After this event, TCD4+ cell interaction with B cells leads to the release of autoantibodies such as anti-tissue transglutaminase (tTG) and DGA (Deamidated gliadin antibody) which is a marker for active disease ([@B11]).

Several studies have found increased levels of IL-2, IL-4, IL12, IL-10, and IFN-γ in patients with CD as compared with healthy population ([@B12]-[@B16]). Cytokines are implicated in both enhancing and suppressing immune responses through their influence on T-cells and other immune effectors. IL-2, IL-12, and INF-γ activate T helper type 1 (Th-1) lymphocytes ([@B17]), while IL-4, IL-5, and IL-10 lead to activation of T helper type 2 (Th-2) cell ([@B18]). IL-8 is a chemokine which is expressed in tissues due to infiltration of neutrophils and plays an important role in immune responses due to neutrophils. In addition, IL-6 gene is secreted from various immune cells. Based on few studies, the levels of IL-6 and IL-8 have been shown to be higher in comparison with the healthy group ([@B19]-[@B21]).

Considering previous studies on the role of interferon and interleukin genes in the pathogenesis of CD disease and the lack of information about the expression levels of these biomarkers in Iranian celiac patients, we evaluated the effects of serum cytokine levels of IL-1, IL-6, IL-8, and IFN-γ in individuals with CD as compared to healthy individuals as the control group.

One of the factors that directly affects the accuracy of the results of a study is the sample size ([@B22]). It has also been proved that inference on large data sets can be highly inaccurate if applied to logistic regression with small samples as the sample size has the greatest impact on the performance of the logistic model predictions ([@B23], [@B24]). Indeed, when the sample size is small or medium, the results of logistic regression are not reliable ([@B25]). As a result, Bayesian methods can be used under such circumstances, as it has been proved that Bayesian estimates based on 25% samples have predictive validity approximately equal to that of classic estimates (maximum likelihood estimates) based on complete samples .([@B26]) In addition, the simulation results have demonstrated that Bayesian estimations provide more stable distributions ([@B27]).

In this study, since the sample size has not been large and several predictor variables have been examined, we decided to use Bayesian methods to avoid inaccurate results.

Methods
=======

**Study design**

We used the data collected in the research institute for Gastroenterology and liver diseases, Tehran, Iran in 2016. The data included 110 patients with celiac disease and 46 healthy individuals, In addition to demographic information, serum levels of IL-1, IL-6, IL-8, and IFN-γ were also measured via commercial ELISA kits, according to the manufacturer's instructions ([@B28])**.**

**Bayesian Logistic regression model**

Initially, a probability model must be selected for the available data. In this study, Bernoulli distribution model was appropriate. In addition, it is necessary to select a prior distribution. Then, to designate the posterior distribution, the prior distribution is multiplied by the likelihood function. Lastly, the posterior distribution is estimated by Markov Chain Monte Carlo (MCMC) ([@B29]). We had no prior knowledge for the parameters. Therefore, we used a non--informative prior on the parameters. We chose a weakly informative normal prior distribution with location parameter 0 and scale parameter 1.5 to assign equal probabilities to all possibilities. The open source statistical software R version 3.6.0 and packages coda and rjags were used for all analyses.

**Markov Chain Monte Carlo method and Metropolis**

It is difficult to calculate the posterior distribution due to the complexity of the integrals, as application of direct techniques becomes challenging. Thus, MCMC methods are proposed ([@B30]). MCMC methods simulate values of random variables from the posterior distribution. Indeed, a Markov chain is constructed, where the most important property of this chain is allowing the next value of each parameter vector to depend on the current value but not on the previous one. The second important property is that the simulation algorithm is repeated multiple times and as a result the approximation of the posterior distribution improves at every step. Thus, the posterior distributions can be approximated with high accuracy. A major consideration in MCMC simulations is that of convergence; we used Gelman-Rubin diagnostic for this issue and autocorrelation function for the estimated autocorrelation for each node.

Results
=======

In this study, there were 110 (70.5%) patients with CD as case and 46 (29.5%) controls. The mean SD of age was 33.56 13.76 years in the case group and 38.78 11.15 years in the control group which is a significant difference (P=0.02). In the case group, there were 38 males and 72 females while in the control group there were 19 males and 27 females; according to the results of Chi-square test, there was no significant difference in sex (P=0.42). According to the results of Bayesian logistic regression, serum levels of IL-1, IL-6, and IL-8 had a significant effect on CD but no significant relationship was found between interferon (IFN)-γ and CD. The Bayesian intervention odds ratio (OR) and highest posterior density interval (HPD) were 1.133 (95% credible interval 1.018- 1.269), 0.947 (95% credible interval 0.898 - 0.996), and 1.004 (95% credible interval 1.001- 1.009) for IL-1, IL-6, and IL-8, respectively ([Table 1](#T1){ref-type="table"}).

###### 

The results of the Bayesian logistic regression

  Variable   OR      95% HPD interval
  ---------- ------- ------------------
  IL-1       1.133   1.018- 1.269\*
  IL-6       0.947   0.898 - 0.996\*
  IL-8       1.004   1.001- 1.009\*
  IFN-γ      1.003   0.999- 1.007
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In addition, according to the diagram, the posterior distribution of the parameters is approximately normal. Also, as can be seen, the trace plots do not have strong fluctuations, indicating that the Bayesian model is convergent. Thus, the results are definitely reliable ([Figure 1](#F1){ref-type="fig"}).

Discussion
==========

Celiac disease is an autoimmune disease that has been studied extensively to determine its causes and symptoms. So far, many biomarkers that have been shown to affect celiac have been proven. In this study, we worked on the impact of IL-1, Il-6, IL-8, and IFN-γ on the risk of CD. According to our results, the serum level of IFN-γ had no effect on the risk of CD, but given the OR and the HPD interval obtained for serum levels of IL-1, IL-6 and IL-8, one unit increase in IL-1 serum can raise the risk of CD by 1.13 times while one unit increase in IL-6 serum reduces the risk of CD by 15%. Further, the risk of CD increases by 0.004 times with a unit increase in IL-8 serum.

The IL-1 family consists of 11 cytokines and has been also expanded to 9 distinct genes that have emerged as a therapeutic mark for auto-inflammatory diseases such as CD. In addition, it has been demonstrated that the IL-1 ligand is more associated with acute and chronic inflammation than any other cytokine family ([@B31]). IL-1α and IL-1β have highly inflammatory effects, and have been evaluated in various studies. Fornari et al. ([@B32]) showed that elevated serum IL-1 and IL-1β was associated with increased CD and its symptoms, which was consistent with the results of the present study.

IL-8 is known as a potent promoter of angiogenesis and neutrophil chemotactic factor. It produces chemotaxis in target cells, at first neutrophils and then other granulocytes, causing them to migrate toward the site of infection. Note that it is also a member of the CXC chemokine family ([@B33]). IL-6 is an interleukin that acts as a pro-inflammatory cytokine as well as an anti-inflammatory myokine with extensive functions ([@B34]). Many studies have considered that IL-8 and IL-6 are influential factors in the risk of CD, which is completely consistent with our results ([@B35]-[@B39]).

IFN-γ (type II interferon) is a cytokine which is critical for innate and adaptive immunity against viral as well as some bacterial and protozoal infections ([@B40]). According to the results of the Lopez-Palacios et al. ([@B41]) study, IFN-γ rises in CD group as compared with the control group. In addition, a study by Marafini et al. ([@B42]) on mice showed that TNF-α and IFN-γ were more abundant in active CD mucosa compared to controls ([@B42]). In our study, the results also showed that an increase in IFN-γ results in elevated risk of CD, but its value to be considered as a risk of CD was very low and not significant.

In conclusion, the serum level of IFN-γ has no effect on the risk of CD and its symptoms. However, given the OR and the HPD interval obtained for serum levels of IL-1, IL-6, and IL-8, with one unit increase in IL-1 serum, the risk of CD grows by 1.13 times while one unit increase in IL-6 serum reduces risk of CD by 15%. Finally, regarding IL-8, the risk of CD increases by 0.004 times with a unit increase in IL-8 serum.
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